Capsule endoscopy is nowadays the diagnostic technique of choice in the study of small bowel pathologies, allowing the non-invasive study of the entire mucosa. This has led, together with new technical advances, to the creation of two new models (PillCam ESO and PillCam Colon) for the study of esophageal and colonic diseases. These two new capsules offer an interesting alternative to conventional endoscopy in the study of the upper and lower digestive tracts, because traditional endoscopy is often unpleasant and uncomfortable for the patient, can be painful, often requires moderate or deep sedation and is not without complications (hemorrhage, perforation, etc .). PillCam Colon is particularly important for its usefulness in the diagnosis of colonic polyps, and is a potentially useful tool in cases of incomplete colonoscopy or in colorectal cancer screening, even more when most patients are reluctant to undergo screening programs due to the said disadvantages of conventional colonoscopy. This article discusses the advantages of capsule endoscopy over conventional endoscopy, its current application possibilities and indications in routine clinical practice. In the various sections of the work, we assess the application of endoscopic capsule in different sections of the digestive tract (esophagus, stomach, and colon) and finally the potential role of panendoscopy with PillCam Colon. Despite their many advantages, these techniques can be unpleasant and uncomfortable for the patient and may even require sedation, with the potential disadvantages that might imply. In this scenario, capsule endoscopy (PillCam ESO for the study of the esophagus and stomach and PillCam Colon mainly for the study of colonic diseases) is an alternative to conventional endoscopy, as it has demonstrated its usefulness, an adequate diagnostic yield and good tolerance by patients.
INTRODUCTION
Upper gastrointestinal endoscopy (UGE) and colonoscopy represent the gold standard and the preferred endoscopic techniques for the study of diseases of the upper and lower digestive tracts. Their advantages and diagnostic and therapeutic yield have been clearly demon-strated. However, although minimally invasive, they can be unpleasant/painful for the patient, require sedation and are not free of complications; these are why they are not indicated for some patients in many diagnostic procedures. This is particularly important in colorectal cancer screening, where the rate of adherence to such programs is low, given the reluctance of patients to have colonoscopy performed.
In 2000, capsule endoscopy (CE), a new non-invasive method that allowed the complete and direct study of the small bowel (SB), was born [1] . This technique has revolutionized the diagnosis and therapeutic algorithm of intestinal pathologies, so that, today, it is considered the technique of choice to study the diseases of the small bowel [2] [3] [4] [5] [6] [7] [8] .
Its development contributed later to the birth of other devices. Since October 2004 there has been a new capsule available, the esophageal capsule endoscope (PillCam ESO), capable of studying esophageal diseases in detail.
Years later, as the study of colonic diseases through colonoscopy can be unpleasant/painful for the patient, incomplete in 5%-20% of cases and not free of potential complications in up to 2% of procedures (due to perforations, hemorrhage, infections, vasovagal responses, etc.), a new device, the colonic capsule, was created in order to allow the study of colonic diseases by capsule endoscopy.
The different models of capsule endoscopy mentioned above and currently available on the market (SB capsule, esophageal capsule and colon capsule) are unique in being able to explore different areas of the gastrointestinal tract; they are direct, noninvasive, painless for patients and without need for sedation; they offer also a high diagnostic yield and high reliability, which make them a diagnostic method chosen by many patients refusing conventional endoscopy.
In this article we discuss whether the different models of capsule endoscopy can be an alternative to conventional endoscopy in patients who refuse the latter.
ESOPHAGEAL CAPSULE ENDOSCOPY
Initial studies of the esophagus performed with the SB capsule had a low diagnostic yield [9] , with the exception of the study carried out by Ramirez et al [10] with a stringcapsule using the PillCam SB, that achieved a high diagnostic yield (close to 100%), although it was not validated by subsequent studies.
For this reason, a new capsule, esophageal capsule endoscope (ECE), was specifically created to study this section of the digestive tract; it was named PillCam ESO, by Given Imaging, a company based in Yokneam, Israel; the dimensions of the capsule are 26 mm × 11 mm, with two lenses and a higher capacity to capture images. Due to the usefulness of the capsule, it was soon recommended to study chronic gastroesophageal reflux disease (GERD) [mainly for diagnosis purposes and for the management of Barrett's esophagus (BE)] as well as for the screening of esophageal varices in portal hypertension (first using PillCam ESO1, that captured 2 images per second at each end, and later with the use of PillCam ESO2, capturing seven images per second).
Sanchez-Yague et al [11] showed that esophageal capsule could be useful in patients with suspected esophageal diseases who refused conventional endoscopy.
Most published series comparing PillCam ESO to UGE establish a high specificity and negative predictive value of the capsule for the screening of BE. However, the sensitivity was remarkably low, with high interobserver variability and low yield in short-segment BE, making it impossible to recommend this technique for these patients [12, 13] .
A subsequent meta-analysis of more than 600 patients with GERD concluded that ECE had a moderate sensitivity and specificity for the diagnosis of BE and that UGE should remain the gold standard technique in patients with BE [14] . Later, Chavalitdhamrong et al [15] showed, in a study including more than 500 patients, that esophageal capsule obtained high quality images from patients with symptoms of GERD in a non-invasive way, demonstrating that it could be an alternative screening test for the diagnosis of BE.
The main disadvantages of esophageal capsule in this subgroup of patients are the following: (1) difficulty to fully visualize the Z-line, partially improved with the patient in right lateral decubitus position; (2) inability to use local staining techniques, unlike those used with UGE; and (3) inability to take biopsies and therefore to know the degree of dysplasia associated with intestinal metaplasia.
In short, although patients mostly prefer the PillCam ESO to conventional endoscopy, larger studies are needed with larger number of patients (probably only possible through multicenter studies) to assess the actual role of ECE in patients with BE. Until then, UGE, preferably with magnification techniques and histological examination of the biopsies obtained, should be considered the gold standard technique for these patients [16] . With regard to the diagnostic yield for the screening of esophageal varices in patients with portal hypertension, the initial studies and meta-analysis of esophageal capsule proved its usefulness in the assessment of esophageal varices, in the detection of varices with significant size suggestive of primary prevention of varicose bleeding and in the diagnosis of portal hypertensive gastropathy [17] [18] [19] [20] . Subsequently, Ishiguro et al [21] evaluated the role of esophageal capsule in the detection of varices, red spots and high risk varices in Japanese cirrhotic patients; the results showed that the capsule had a higher diagnostic yield than conventional endoscopy, indicating that the capsule is a useful technique for the screening and management of this population. Table 1 shows the main studies published on the role of PillCam ESO in the screening/management of esophageal varices in cirrhotic patients, its sensitivity, specificity and safety in predicting patients requiring prophylactic treatment. Some representative images of our experience with PillCam ESO are shown in Figures 1 and 2 .
As a result of the publishing of the previously mentioned studies, nowadays, the only clearly accepted indication for esophageal capsule (until the appearance of new technological advances) is the screening and management of esophageal varices, given its role in patients with GERD being more controversial.
GASTRIC AND ESOPHAGEAL CAPSULE ENDOSCOPY
Regarding the gastric cavity, nowadays, there is no capsule specifically designed to study gastric diseases. While using a capsule at this level could help to obtain many images and to diagnose existing pathologies, the morphology of the gastric cavity as well as its high volume makes it impossible to be sure that all areas of the stomach would be visualized, especially the gastric fundus, and we could be leaving relevant pathologies undiagnosed. Thus, the exploration of the entire stomach using an EC is impossible with the currently available models.
However, if we were able to remotely control the endoscopic capsules available, we would be able to visualize the entire gastric mucosa. This control would allow us to take more pictures, from more angles and at different distances, improving the diagnostic yield of the EC in the stomach [22] . Initial experimental studies performed in animals have shown that the remote control of EC is a possibility that can be developed first in healthy volunteers and then in patients [23, 24] . Thus, Swain et al [25] evaluated the effectiveness of remotely controlling a PillCam Colon modified with the inclusion of magnetic materials, in the esophagus and stomach of a healthy volunteer, by means of an external magnetic field repeatedly moved and rotated in different directions, observing that a larger number of images could be obtained. The authors demonstrated that an EC could be externally controlled with a magnetic field in a simple, safe and effective way, controlling its movements by viewing through a flexible gastroscope. There were no complications and the procedure was not painful or unpleasant for the patient.
Later, Rey et al [26] evaluated the diagnostic accuracy of a new magnetically driven EC (Olympus-Siemens) in healthy volunteers and patients with epigastric pain and/or symptoms of reflux. Low level magnetic fields were used to control a dual sensor capsule in the stomach of the patients included in the study with an air-water 1 Eisen et al [17] , 2006 32 100% 89% NA de Franchis et al [18] , 2008 288 88% 84% 91% Lapalus et al [19] , 2009 120 77% 86% 92% Ishiguro et al [21] , 2012 29 95% 84% 85% 1 Accuracy for indicated prophylactic treatment. ileum. Recording and downloading of data are similar to those for small-bowel capsule endoscopy [31] . Recently, a second-generation colon capsule (CC2) has been developed to improve the sensitivity for detection of colonic changes. The new PCC-2 is bigger (11.6 mm × 31.5 mm) and two new characteristics have been introduced: (1) the view angle from both the imagers has been widened to 172 degrees; and (2) in order to further enhance the colon coverage, the capsule is equipped with an adaptable image acquisition rate depending on the speed of progression of the capsule along the colon; CC-2 captures 35 frames per second while it is moving and 4 frames per second when it is stationary. Also, there is a new data recorder that guides the medical staff and the patient through the procedure. In fact, it buzzes and vibrates and displays instructions to alert the patient to continue the preparation according to the protocol previously explained to the patient. The new RAPID software develops a flexible spectral imaging color enhancement (FICE) technology to allow a more detailed analysis of the mucosal surface and also has a polyp size estimation tool.
Colorectal cancer (CRC) is the second most frequent cause of cancer-related death in Western countries. Nevertheless, no more than 25% of compliance has been achieved in screening programs, because of different problems but, without any doubt, because of people´s resistance to conventional colonoscopy [32] . The high-priority objective and indications for CCE are the "screening" of colorectal cancer in the risk population. In addition, it appears to be a promising new modality for colonic evaluation, not only adenomas, and it could be a good alternative in patients refusing conventional colonoscopy, to complete colon examination in patients with no conclusive incomplete colonoscopy, or when it is contraindicated [33] . In order to assess the sensitivity and specificity of CCE1 compared to colonoscopy in screening colorectal cancer, some studies were performed [34] [35] [36] . The most important study published about CCE is a prospective, multicenter study comparing capsule endoscopy with colonoscopy in the detection of colorectal polyps or cancer in a group of patients with known or suspected colonic diseases [34] . A total of 328 patients were included in the study. Sensitivity and specificity of CCE to detect polyps of 6 mm in size or larger were 64% and 84%, respectively. It is important to comment that of 19 cancers detected by colonoscopy, 14 were detected by capsule endoscopy. These results are similar to those of the two European studies published [35, 36] . In these studies, the sensitivity was 69% and 76%, specificity was 81% and 64%, the positive predictive value (PPV) was 74% and 83% and the negative predictive value (NPV) was 78% and 54% for polyp detection. We recently published our results that are similar to the above mentioned, although specificity is lower [37] . Compared to colonoscopy, the rate of agreement was 75.6%, the sensitivity was 84%, the specificity was 62.5%, PPV was 77.7% and NPV was 71.4%. Two metainterface provided by the ingestion of 1300 cc of water one hour before the test time. In analyzing the results, they found that the gastric mucosa could be technically visualized in all cases except one (98%). In the remaining 52 patients, the antrum, body, fundus and cardia could be completely visualized in 98%, 96%, 73% and 75% of cases, respectively. There were no complications.
Similarly, Keller et al [27] studied the gastric mucosa by means of a PillCam Colon modified by the inclusion of magnetic material to allow for remote control in 10 healthy volunteers. The entire gastric mucosa could be observed in 75% of cases. As limitations to this experimental technique, it could be noticed that small amounts of fluid limited the visibility of small areas in the most apical parts of the fundus and gastric distension produced was not enough to evaluate all folds. Therefore, the visualization of the gastric mucosa in the patients included in the said study was good, although not complete in all of them.
Undoubtedly, these studies open the door to new technological developments that will likely succeed in the future to explore the whole of the gastric mucosa in an easy, safe and effective way [28] . Thus, new especially designed capsules could be created to study the esophagus, stomach and the first portions of the duodenum, having in this case a "new PillCam ESO" modified for remote operation.
Recently, two studies have proposed the use of the esophageal capsule for two pathologies previously considered to be "alien" in publications related with the PillCam ESO. Chandran et al [29] assessed its role in stratifying the risk of upper gastrointestinal bleeding, noticing that its major limitation was the low rate of duodenal visualization and the discord between the capsule and conventional endoscopy. However, when the PillCam ESO made proper assessments of the duodenum, the concordance between both tests was excellent. Moreover, Shah et al [30] concluded after studying a small group of patients who were to undergo bariatric surgery that there were no significant differences between the findings made by PillCam ESO and those observed by conventional endoscopy.
COLON CAPSULE ENDOSCOPY
PillCam COLON capsule endoscopy (CCE) (Given Imaging Ltd, Yoqneam, Israel) is a new capsule that has been designed to explore the colon. Two models have been developed: the first generation of CCE (CC1) is similar to the conventional capsule but has two cameras which are able to record video images from both ends. The device measures 31 by 11 mm and acquires images at a rate of 4 frames per second. The pre-programmed "sleep" mode allows recording of images from the esophagus and the stomach for 3 min and after the capsule switches to sleep mode for 1 h 45 min, so that it saves battery. During this period, the capsule is likely to transit most of the small bowel and reaches approximately the level of terminal analyses have been recently published and confirm that CCE is a reasonable method for screening asymptomatic individuals for colorectal polyps. It may be particularly useful for patients with "incomplete" colonoscopy, those with contraindications for conventional colonoscopy, and those unwilling to undergo colonoscopy because of its perceived inconvenience and discomfort [38, 39] . To date, two studies have evaluated CCE-2. An Israeli multicenter trial was the first one [40] . In this study, CCE-2 was prospectively compared with conventional colonoscopy as the gold standard. Colonoscopy was independently performed after capsule ingestion. A total of 98 patients were enrolled. Patients were considered to have a significant finding when polyps at least 6 mm in size or masses were detected. Sensitivity for polyps at least 6 mm in size was 89%, and at least 10 mm in size was 88%, with specificities of 76% and 89%, respectively. Recently a European, prospective, multicenter trial including eight European sites was published by Spada et al [41] . A total of 109 patients were enrolled. Sensitivity for polyps at least 6 mm in size was 84%, and at least 10 mm in size was 88%, with specificities of 64% and 95%, respectively. CCE-2 correctly classified 35 and 28 of these patients, corresponding to a detection rate of 90% for neoplasia at least 6 mm in size, and 93% for adenomas at least 10 mm in size. Similarly to the Eliakim study, in this study the low specificity for polyps at least 6 mm in size was explained by a substantial rate of false-positive polyps because of size mismatch. It must be considered important that the CCE-2 is able to detect more small lesions than colonoscopy. Tables 2 and 3 summarize the main studies on PillCam Colon 1 and PillCam Colon 2 in the detection of colonic polyps, respectively.
Although the main objective of CCE must be colon cancer screening, CE should be considered a new technique able to detect colonic lesions in patients with special indications for colorectal cancer screening such as ulcerative colitis (UC) or patients who refuse conventional colonoscopy or with incomplete colonoscopy. CCE after incomplete colonoscopy appears to yield significant findings, guide further workup, and have high patient acceptance [42] . UC is a chronic inflammatory condition that causes continuous mucosal inflammation of the colon. Visualization of the mucosa affected in UC is essential for many aspects of disease management (including drug dosing and duration and the decision to deliver intravenous medication or undergo surgery) and can predict recurrence rates and complications related to UC according to the degree of mucosal healing [43] . Also, patients with UC have an elevated risk of developing colon cancer, which can be attributed to the length of time since disease onset and the extent of colon affected by UC [44] . As such, it is recommended in patients who have had UC for 8-10 years (or 15 years of disease in patients with leftsided colitis) that annual or biannual surveillance colonoscopy should be conducted [45, 46] . Consequently, CCE could play a role in patients with UC. To date, a few preliminary studies have demonstrated the feasibility of CCE for the management of patients with known UC, suggesting that CCE may be useful to monitor inflammation and to screen for colorectal cancer in patients with UC [47, 48] . Nevertheless, Meister et al [49] showed a significantly better assessment of disease activity by standard colonoscopy than by CCE. Furthermore, compared with colonoscopy, the extent of UC was underestimated when evaluated by CCE. In contract, Ye et al [48] reported a good correlation in the severity (k = 0.751) between CCE and colonoscopy but a moderate correlation in the extent of the inflammation, perhaps because it is not easy to determine the precise location of disease by CCE and the experience of the physician with CCE evaluation in this study was limited. We performed a pilot study using CCE-2 and observed that there was a good correlation between CCE and colonoscopy in assessing the disease severity and extent of inflammation [50] . Some representative images of our experience with PillCam colon are shown in Figures 3, 4, 5 and 6 .
On the other hand, CCE preparation must be exhaustive because all the faecal remains cannot be removed by CCE opposite to colonoscopy. Even small amounts of residual stool may prevent an accurate visualization of the colonic mucosa by CCE. The colon preparation for CCE has two aims: to provide a clean colon and clear images and to promote capsule propulsion first through the entire small bowel and then through the colon to the rectum. Preparation is really important because as Spada et al [51] have demonstrated when an adequate preparation is obtained, accuracy of CCE tends to be higher and comparable with that of colonoscopy.
To address the above issue, a specific preparation for CCE was designed using polyethylene glycol (PEG) and
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Table 3 Results of main colon trials using PillCam Colon 2 PillCam Colon C2 Year n S E
Results for significant polyps (> 6 mm or > 3 polyps > 3 mm) Eliakim et al [40] 2009 98 89% 84% Spada et al [41] 2011 109 76% 64% Results for significant polyps (> 10 mm)
Eliakim et al [40] 2009 98 88% 89% Spada et al [41] 2011 109 88% 95%
two boosters of sodium phosphate (NaP). The main role of the NaP booster is to accelerate CCE transit through the small and the large bowel so that the colonic mucosa could be seen before the end of the battery. This conventional preparation was first evaluated in two initial pilot studies. In a study by Eliakim et al [35] , the overall cleanliness of the colon was rated as excellent or good in 84.4% of the cases. In the second pilot study the results are better; an excellent or good preparation was achieved in 90% of the cases [36] . In a recent study published by our group with the same preparation the grade of cleanliness was good or excellent in 65.6% [37] . In recent times, for CCE-2, some changes of the regimen of CCE have been proposed. Low doses of NaP are now included in the regimen of preparation for CCE-2 to reduce the risk of adverse events (one booster of 30 mL NaP with 1 liter of water when the capsule has entered the small bowel, and a second booster of 15-25 mL NaP with 0.5 liter of water 3 h later if the capsule has not been excreted) or instead of this booster PEG booster has been proposed. Also the volume of PEG has been reduced [52] . PEG solutions are safe and effective, but require consumption of large volumes of fluid, generally 4 liters. The 2 L PEG solution plus ascorbic acid (PEG + Asc) is also effective and safe, and the volume is reduced. Some studies have studied these points. In a study by Ell et al [53] , it is concluded that the PEG + Asc bowel preparation reduces the volume patients have to drink, so it was more acceptable to patients, and should, therefore, improve effectiveness in routine practice. In another study PEG + Asc provided effective bowel cleansing, which was equivalent to that of sodium picosulphate + magnesium citrate in terms of grading cleansing as overall success or failure [54] . Nevertheless, it is important to consider the split dose. In this sense the cleansing results are worse if patients receive the full dose PEG + Asc the evening before the procedure compared to the split dose [55] . A colon cleansing procedure using PEG + ascorbic acid for CCE yielded an adequate cleansing level in > 80% of patients, and good accuracy for detecting polyps [56] . This procedure may be considered as an alternative, particularly for patients in whom sodium phosphate-based preparations are contraindicated. Based on these data, we have performed a study that demonstrated the efficacy of 2 L PEG [57] . The main aim was to compare the level of cleansing with two different regimens. It was a prospective and blinded
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June 21, 2014|Volume 20|Issue 23| WJG|www.wjgnet.com Romero-Vázquez J et al . Capsule endoscopy vs conventional endoscopy B A study. In the first group (A) patients were prepared with 2 L of PEG plus ascorbic acid and in the second group (B) 4 L of PEG was used. In group A, "excellent and good" preparation was more frequent than in group B, and also in the cecum, right colon and transverse colon, although there was no significant difference. We can conclude with these preliminary results that PEG 2 L could be better than PEG 4 L in the colonic preparation for patients that will undergo capsule colonoscopy, although more studies must be conducted with more patients. Table 4 shows the main bowel preparation regimens used nowadays.
In conclusion, although many studies must be done to develop and improve the sensitivity and specificity of CCE, it is a new endoscopic tool that can be used for screening colon cancer in patients who refuse conventional colonoscopy, or in cases where it is contraindicated or it has been incomplete.
PANENDOSCOPY
As shown above, various studies published on PillCam Colon have demonstrated its usefulness in the detection of colonic polyps, with better sensitivity and specificity levels, as well as better positive and negative predictive values directly related to the increase in the learning curve and with the latest colonic capsule prototype, the PillCam Colon 2.
Moreover, by analyzing the different colonic studies we have been able to realize that thanks to the PillCam Colon ability to produce images of other extracolonic locations, it was able to identify lesions and pathologies at these locations.
By panendoscopy we mean the ability to obtain images of the digestive tract from the esophagus to the hemorrhoidal plexus without interruptions and, therefore, to explore the entire gastrointestinal tract wirelessly and noninvasively.
Our group has conducted a preliminary descriptive study (not yet published) in which, in view of the results obtained and acting cautiously given the absence of previously published data, PillCam Colon allows recording the entire digestive tract in most patients, making it possible to find relevant pathologies in other sections of the digestive tract, especially in the small bowel, although technical and procedural improvements are necessary to achieve the correct visualization of the stomach and esophagus (Figure 7) .
Thus, in patients with indications for colonoscopy for suspected colonic disease who refuse to undergo this technique, the PillCam Colon helps explore not only this intestinal segment but also the whole digestive tract through panendoscopy.
CONCLUSION
In patients refusing conventional endoscopy, capsule endoscopy allows the direct and non-invasive study of the upper and lower digestive tracts. Unlike colonic segments, 
